Objectives. Temporomandibular joint disorders (TMD) are often associated with aural manifestations. However, it is not clear whether aural fullness could be induced by TMD. The purpose was to investigate the TMD and effectiveness of TMD treatments in patients with mainly or exclusively aural fullness complaint.
INTRODUCTION
Temporomandibular joint disorders (TMD) are a group of musculoskeletal conditions that involve the temporomandibular joints, the masticatory muscles and all associated tissues [1] . Common signs and symptoms of TMD include temporomandibular joint or masticatory muscle pain, restricted mouth opening, clicking or crepitus of the temporomandibular joint, headache in the temporal region, otalgia, tinnitus, and hearing loss [2] . Numerous studies have reported a link between the aural symptoms and TMD [3] [4] [5] [6] [7] [8] . However, TMD as a potential cause of otologic symptoms, in particular aural fullness, is often neglected in clinical practice by otolaryngologists. As a result, patients with aural fullness as the main or sole complaint could be misdiagnosed, leading to ineffective treatment and prolonged suffering. This study examined the presence of TMD and effectiveness of TMD treatment in 112 Chinese patients, who presented to the otolaryngology clinics for aural fullness and had been diagnosed and treated for otitis media or sensorineural hearing loss without positive results.
MATERIALS AND METHODS

Ethics and registration
This study was approved by the ethics committee of PLA Army General Hospital, Beijing, (No. 2016-37) and is fully compliant with the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use Good Clinical Practice (ICH-GCP) and related regulation and law of China. Written informed consent was obtained from each participant or each participant's guardian before data collection.
Patient cohort
The study involved 112 patients registered for aural fullness between January 2010 and January 2015 at the Otolaryngology Department, PLA Army General Hospital, Beijing, China. The patient cohort includes 40 males and 72 females with ages ranging from 12 to 76 years old and an average of 38 years. Of the 112 patients, 94 had unilateral aural fullness and 18 had bilateral aural fullness. Seventy nine identified aural fullness as the main complaint and 33 indicated aural fullness as the sole symptom. The course of aural fullness was between 2 days to 2 months. The medical history indicated that 90 patients had been treated as otitis media using a combination of antibiotics and steroids for 7 to 14 days, of which 15 underwent tympanum puncture, and the remaining 22 patients were treated as sensorineural deafness for 7 to 25 days with regimens to improve blood supply to the cochlea and neural loss. None of the treatments was effective of improving aural fullness.
Aural fullness grading
To assess the level of aural fullness, a three-level grading system was established based on patient's perception of the symptom. The criteria are as follows. Grade 1 (mild) aural fullness is present but not affecting daily activities and patients do not actively seek therapy. Grade 2 (moderate) aural fullness is obvious but tolerable, interfering with daily activities, and patients actively seek therapy. Grade 3 (severe) aural fullness is intolerable and severely disrupting daily activities; patients are irritable, experiencing insomnia and seeking immediate therapy. Treatment is considered effective if the aural fullness grade is reduced by at least 1. A reduction less by 1 or recurrence of aural fullness is indicative of ineffective treatment.
TMD diagnosis
Patients were questioned for presence of common TMD symptoms such as restricted mouth opening, temporomandibular joint pain, clicking or crepitus of the temporomandibular joint, etc. Patients were subjected to pure tone audiometry and acoustic immittance screening using GSI-61 clinical audiometer (Minnesota, MN, USA) and GSI TympStar middle ear analyzer (GSI) respectively. Temporomandibular joint was further examined by X-ray or computed tomography (CT) scan to help categorizing TMD. All of the 112 patients were diagnosed according to the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) [9] and categorized into three groups: I, muscle disorders; II, disc displacements; and III, arthralgia, osteoarthritis, and osteoarthrosis.
Treatments
Based on the clinical manifestations and responsiveness to therapy, patients were treated for TMD at the Otolaryngology Department for 2 days to 4 months, using the following approaches in a sequential manner: physiotherapy (heat therapy, acupuncture and massage), intra-articular injection of glucocorticoid and sodium hyaluronate, orthodontics and occlusal equilibration. Physiotherapy was first used given its noninvasive nature, low cost, and the ease to perform. If physiotherapy failed to improve the aural fullness symptom, glucocorticoid injection was used in those showing group I disorders (muscle disorders). Sodium hyaluronate injection was used to treat patients showing joint structure abnormalities. Due the adverse effect associated with sodium hyaluronate injection, only 11 patients consented to this treatment. Orthodontics and occlusal equilibration were used to treat occlusion disorders. Finally, elastic bondage wrapping and surgery were used to treat recurrent joint dislocation or bone fracture in 3 patients. Forty-five patients voluntarily participated in follow-up surveys 10-18 months posttreatments and were examined for aural fullness.
RESULTS
Correlation between aural fullness and TMD
Major clinical manifestations of the patient cohort were listed in Table 1 . Eighty-nine patients passed the pure tone audiometry (multiple frequency air-mediated hearing threshold <25 dB), and 22 patients showed unilateral or bilateral hearing loss at 4-8 kHz (threshold between 30-70 dB). All the 112 patients included in the study exhibited air-bone gap ≤5 dB and air conduction threshold ≤25 dB in pure tone audiometry (125-1,000 Hz). All patients exhibited type A tympanogram according to the Liden/Jerger classification system. X-ray scan was performed Patients with aural fullness as the sole or main complaint often have temporomandibular joint disorders (TMD).
Treatments for TMD can resolve or significantly improve aural fullness.
Physical therapy is the most effective against aural fullness in group I TMD patients.
This study provides evidence that TMD may underlie aural fullness.
to examine the temporomandibular joint of all the patients. Three patients were also examined by CT scan. Forty patients showed abnormalities including narrowing or widening of the joint space, extrusion of the articular disk of mandibular joint, roughing of the joint surface, or cortical bone loss and adhesion.
Of the 72 patients that showed normal temporomandibular joint structure, 68 were categorized as group I disorders (muscle disorders) based on the RDC/TMD [9] . The remaining 4 patients were classified to group II disorders (disc displacements) based on their history of temporomandibular joint injury, together with other 35 patients (a total of 39). Five patients belong to group III disorders (arthralgia, osteoarthritis, and osteoarthrosis). A grading system was established to assess the severity of aural fullness. Correlation between aural fullness and TMD classification was shown in Table 2 .
Effectiveness of TMD treatment
Patients were treated sequentially by physiotherapy, glucocorticoid or sodium hyaluronate injection, orthodontics, occlusal equilibration, etc. as described above. Treatment outcomes are summarized in Fig. 1 . Overall, treatments aimed at improving TMD completely resolved aural fullness in 67 patients and significantly improved the symptom in 34 patients, with a combined effectiveness of 90.2% (101/112). Specifically, TMD treatment effectiveness for aural fullness was 94.1% (64/68) for group I disorders (muscle disorders), with the majority (58/68) responding to physiotherapy. The group II disorders (disc displacements) of 84.6% (33/39) and group III disorders (arthralgia, osteoarthritis, and osteoarthrosis) of 80% (4/5) showed significant improvement of aural fullness following TMD treatments. Among the various treatments, physiotherapy showed the highest overall effectiveness (80/132) and was especially effective (58/68) for patients having group I disorders. Patients who did not respond to TMD treatments include those displaying temporomandibular joint articular cavity structure change (4 cases), osteoarthrosis (1 case), occlusal equilibration failure (4 cases), and habitual temporomandibular joint dislocation (2 cases). Forty-five patients voluntarily participated in follow-up surveys 10-18 months posttreatments. The aural fullness relapsing rate is 10.3% (3/29) for group I TMD disorders, 26.7% (4/15) for group II disorders, and 0% (0/1) for group III disorders respectively (Table 3) . 
DISCUSSION
Aural fullness is a common aural complaint, the etiology of which is not clearly defined. Previous studies have suggested a link between aural fullness and somatosensory dysregulation [10] . However, many patients complaining of aural fullness cannot correctly define the origin of the symptom [11] . In otolaryngology practice, patients with aural fullness as the main or sole complaint could be misdiagnosed. This study enrolled 112 patients who presented for aural fullness to the Otolaryngology Department, PLA Army General Hospital, Beijing, China, between January 2010 and January 2015. Of the 112 patients, 90 had been diagnosed and treated for otitis media and 23 for sensorineural deafness. This is not surprising given that aural fullness is among the manifestations of these pathologies. However, none of patients showed improvement in aural fullness after receiving corresponding treatments, suggesting a non-otolaryngology origin of the symptom. Further examination of these patients revealed signs of TMD, which involves the masticatory muscles, the temporomandibular joint and associated structures [2] . Common aural manifestations of TMD include restricted mouth opening, clicking or crepitus of temporomandibular joint, otalgia, tinnitus, hearing loss, etc. [3] [4] [5] [6] [7] . Based on the questionnaire results as well as data obtained from X-ray and/or CT scan of the temporomandibular joint, patients were diagnosed and further categorized according to the RDC/TMD [9] . The use of X-ray and CT scan in this study helps to reveal potential pathological changes in temporomandibular joint and associated structures. Interestingly, TMD patients with aural symptoms were reported to often have changes in middle ear impedance as shown by multiple frequency tympanometry [8] . However, all of the 112 patients enrolled in this study showed type A tympanometry, indicative of normal middle ear immittance. Further studies need to determine the relationship between TMD, middle ear immittance and aural fullness.
Patients were subsequently treated for TMD based on the disease category and responsiveness to therapy. Strikingly, 90.2% of the patients showed disappearance of or significant improvement in aural fullness, suggesting TMD as a cause of the aural fullness. TMD treatments are especially effective (94.1%) for improving aural fullness experienced in group I TMD (muscle disorders) patients. Among the different treatments, physiotherapy which includes heat therapy, acupuncture and massage is the most effective. To the author's knowledge, there has been only one case report showing that ear fullness was successfully managed as a temporomandibular disorder [12] . The present survey represents the first to show with a large patient cohort that TMD treatment could successfully cure/improve aural fullness. Interestingly, TMD treatments are often ineffective of improving aural fullness in patients showing temporomandibular joint structural changes. It is worth noting that one limitation of this retrospective study is the lack of untreated control group. Considering the possible self-resolution of aural fullness in the long term, we cannot conclude on the exact percentage of patients in which TMD drives aural fullness. However, our data clearly suggest a link between aural fullness and TMD. It is not clear how TMD causes aural fullness, although it has been proposed that TMD patients with a clenching habit might have dysfunctional masticatory muscle and tensor tympani muscle, leading to aural fullness [12] .
Based on the study, a diagnosis/treatment protocol could be proposed for patients with chief aural fullness complaint. Aural fullness arisen from otologic causes can usually be diagnosed by a holistic review of one's medical history, symptoms, and results of pure tone audiometry, acoustic immittance screen, X-ray and/ or CT scan. For example, Ménière's disease-induced aural fullness is often associated with fluctuations tinnitus, dizziness and nausea. Earwax embolism can be seen by blocked external auditory canal. Otitis media can be detected by pure tone audiometry, acoustic immittance screen, X-ray and/or CT scan. If the patient has normal external auditory canal, eardrum and mastoid process, and shows type A tympanogram, TMD could underlie the aural fullness and should be further evaluated by commonly associated manifestations such as restricted mouth opening, clicking or crepitus of temporomandibular joint, etc.
In summary, this study establishes TMD as a potential cause of aural fullness and shows that TMD treatments are successful against aural fullness. Patients with aural fullness as the main or sole complaint should be examined for TMD. Once TMD is confirmed, physiotherapy, intra-articular injection of glucocorticoid and sodium hyaluronate, orthodontics and occlusal equilibration could be given in a sequential manner according to individual's TMD category and responsiveness to therapy. 
